Introduction: A sphygmomanometer is an instrument commonly used to measure blood pressure that can potentially be used to objectively assess shoulder isometric muscle strength. Objective: To establish the criterion validity and the intra-rater reliability of the sphygmomanometer for the assessment of shoulder isometric muscular strength compared to the handheld dynamometer. To determine if there is a statistically significant difference for shoulder strength between dominant and non-dominant sides. Methods: A test-retest study design was developed, where a rater assessed shoulder flexion and abduction isometric strength of 13 healthy university students, using a commercially available sphygmomanometer and a handheld dynamometer. Results: The criterion validity of the sphygmomanometer was found to be good for both right and left shoulder flexion and abduction strength assessment (Pearson's r = 0.90-0.97). The intra-rater reliability of the sphygmomanometer was calculated to be good for both right and left flexion and abduction (ICC = 0.96-0.99). The handheld dynamometer also showed good intra-rater reliability for each of the strength measures assessed (ICC = 0.94-0.98). Significant differences (p < 0.01) were identified between dominant and non-dominant sides for shoulder strength. Conclusion: A sphygmomanometer is a simple and easily accessible tool that provides clinicians with accurate objective values for isometric shoulder strength assessment.
Introduction
Assessment of shoulder muscular strength is a key diagnostic component of a clinician's physical examination for shoulder pathology. Measurement of shoulder strength also allows for intervention program effectiveness to be evaluated and can be used to help screen athletes at risk of shoulder injury (1) . Assessment of both dominant and non-dominant shoulder strength can provide an insight into specific regions of weakness in some sporting populations and assist in injury prevention (2) . Objective strength measurements have superior levels of reliability and validity compared with subjective assessments, such as manual muscle testing, providing greater confidence in clinical assessment findings (3, 4) .
Handheld dynamometry (HHD) provides the clinician working in a clinical setting with objective assessment results comparable to isokinetic dynamometry for shoulder strength assessment (5) . Despite the established reliability and validity of a HHD, the disadvantage of its use is inaccessibility with each unit often exceeding $1,000AUD. A potentially viable option is the sphygmomanometer. A sphygmomanometer, costing approximately $30AUD, is a tool used to measure blood pressure that has also been used to measure isometric muscle strength (6) .
The application of a sphygmomanometer to assess shoulder muscular strength has not been thoroughly evaluated. To date, there are no studies that have investigated the validity of the sphygmomanometer for assessment of shoulder muscles, while 2 studies have shown promising results regarding reliability, with intraclass correlation coefficients (ICC) ranging between 0.86-0.97 (7, 8) . The preliminary evidence from these studies is encouraging, but in each of these studies the sphygmomanometer had been modified in an attempt to improve accuracy, meaning their results are not a true representative of the standard sphygmomanometer accessible to the average clinician.
Therefore, our aims were to 1-investigate the criterion validity of a standard commercially available sphygmomanometer for the assessment of isometric strength of the shoulder flexor and abductor muscles, compared with the reference standard of HHD; 2-determine the intra-rater reliability of the sphygmomanometer and the HHD for the same measurements, and 3-identify if there was a statistically significant difference for shoulder strength between dominant and non-dominant sides.
Research Design
A test-retest design was conducted. Testing of the participants occurred across 7 days to ensure that sufficient muscle recovery had taken place and to prevent changes in muscle strength that may have occurred over a greater time period due to other factors (11) . The order of device used, muscle group tested and the side of the body initially tested for each participant was randomly assigned by selecting an envelope that had previously been prepared by flipping a coin as described by Doig and Simpson (12) , with the same order used for the repeat testing session.
Procedure
Single measure isometric muscle strength testing was performed maximally for shoulder flexion and abduction on the left and right side of each participant, using both measurement devices. Single measure testing was selected instead of multiple testing measures to allow for the results to be directly applicable to the average clinician in a standard clinical practice. The more highly reproducible protocol of performing 3-5 trials with a 1-2 minute break between trials, where the mean score is used, is not a realistic option in standard clinical practice due to clinical consultation time restrictions. A sub-maximal practice effort for each shoulder movement was performed prior to the first testing session to allow the participants to familiarise themselves with the testing process. Participants were then instructed to perform a maximal contraction for 5 seconds, with a rest period of 1 minute provided between each contraction.
Shoulder flexion was assessed with the participant seated on a standard stool without a back rest. Each participant was asked to sit in a comfortable upright posture with their shoulder blades lightly drawn backward. The participant was asked to raise their arm to 90° of flexion in neutral shoulder rotation and pronation so that their thumb was facing upward. The measurement device was placed 5cm proximal to the distal radial articular surface ( Figure 1 ). Shoulder abduction was assessed as above, however, the participant was asked to raise their arm into 90° abduction rather than flexion ( Figure 2 ).
Methods

Participants
A sample size of 13 was required determined from a power analysis rationale, where an ICC of 0.8 and a 95% CI from 0.60-1.00 could be expected (9) . Seven male and six female university students (aged 18-26) volunteered to participate in the study. Of the 13 students, 12 were right hand dominant and 1 was left hand dominant. The students were recruited through advertising posters displayed at the university and were selected in consecutive order. The students were eligible to participate in the study if they were over 18 years of age and fluent in English. Students were excluded if they had sustained a shoulder injury within the preceding month or had any ongoing shoulder pathology assessed through self-report. The participants were blinded to their results in each session. Ethical approval to conduct the study was granted by the Faculty of Health Sciences, Human Ethics Committee, La Trobe University (FHEC13/064) and participants provided signed informed consent.
Rater
One rater, a final year undergraduate physiotherapy student, completed the testing. The rater received 1 hour of training from 2 senior physiotherapists in the use and application of both devices prior to conducting the testing.
Apparatus
The cuff of a standard commercially available aneroid sphygmomanometer (Cumper and Robbins, Australia Medical Diagnostic Equipment Supplier) was folded into thirds and pre-inflated to 10 mmHg for the assessment procedure (10). The peak score displayed on the measurement dial to the nearest 5 mmHg was recorded. A Lafayette HHD (Model 01163, Lafayette Instrument Company, Lafayette, Indiana), which records peak muscle strength as a unit of force in kilograms (kg) over a range of 0-136.1 kg with an accuracy of ± 1% over the full scale, was used as the reference standard. Both devices were calibrated prior to the initial testing session.
Results
All 13 participants completed both testing sessions with no adverse reactions being reported.
The sphygmomanometer was found to have good intra-rater reliability, with ICCs 2,1 between 0.96 to 0.99 found for left and right shoulder flexion and abduction (Table 1) (Table 2 ).
Significant differences (p ≤ 0.01) were identified between the dominant and non-dominant sides, when using either measurement device, for assessment of both shoulder flexion and abduction (Table 3) .
Data Analysis
Reliability and validity correlations were calculated using IBM SPSS (version 21.0; IBM SPSS Inc, Chicago, IL). Pearson's product moment correlation (r) was used to determine criterion validity. ICC 2, 1 were used to calculate intra-rater reliability. The standard error of the measurement (SEM) and the minimum detectable change at the 90% confidence level (MDC 90 ) were calculated. Interpretation of criterion values were considered as good if they were greater than 0.75, moderate if they were 0.50-0.75 and poor if they were less than 0.50 (13) . Paired t tests were performed to identify any significant differences between dominant and non-dominant sides, with the level of significance set at p = 0.05. 
Discussion
This study, to our knowledge, reports the first findings on validity for the use of the sphygmomanometer to assess shoulder muscle strength. The good correlations found for criterion validity and intra-rater reliability, implies that the sphygmomanometer can confidently be used by the standard clinician in the everyday clinical setting for accurate objective shoulder strength assessment. The sphygmomanometer offers clinicians a cheap and time efficient device that can be easily utilised in various clinical settings as an alternative to the expensive and often inaccessible HHD.
The good intra-rater reliability correlations (ICC 2,1 = 0.96-0.99) found for the assessment of shoulder flexion and abduction strength using a sphygmomanometer are comparable with the existing literature that has investigated shoulder reliability. One study has previously investigated the intra-rater reliability of the sphygmomanometer for the assessment of shoulder flexion and abduction finding good correlations for both the left and right sides (ICCs = 0.87-0.95) (8) . One other study has investigated the inter-reliability (ICC = 0.93) of the sphygmomanometer for the assessment of shoulder abduction strength of 5 rheumatoid arthritis patients (7).
The sphygmomanometers used in both of these studies had been modified. The installation of a one way pressure valve to save the peak value reached on the measurement dial during the testing procedure was used in 1 of the studies (8) . The other study chose to modify the cuff of the sphygmomanometer in an attempt to improve consistency of application (7) . While these modifications may provide additional ease in equipment use, they do not seem necessary for reliable measurements to be achieved given the results of this study. Equipment modification was deliberately avoided in this study so the results would be applicable to any health professional in clinical practice who can simply purchase and use a readily available standard sphygmomanometer.
Calculation of the intra-rater reliability of the HHD for shoulder flexion and abduction strength also revealed good correlations (ICC 2,1 = 0.94-0.98). These findings are similar to previous intra-rater reliability correlations calculated for flexion and abduction using a HHD, with ICCs ranging from 0.66 to 0.98 (14) (15) (16) . Issues surrounding difficulties with participant stabilisation and superior levels of muscular strength compared with the rater were not encountered in our study when using either measurement device.
Good correlations (r = 0.90-0.97) for criterion validity were demonstrated from shoulder flexion and shoulder abduction. These correlations are comparable with criterion validity findings for grip Findings from this study also highlighted that there was a significant difference (p ≤ 0.01) between dominant and non-dominant sides for both flexion and abduction when using either of the measurement devices. This finding is consistent with results previously reported for use of a HHD for the assessments of shoulder flexion and abduction where significant differences were also identified between sides (16, 20) . This finding suggests that between side differences in shoulder strength may be attributable to the side dominance of the individual, which should be considered during a clinician's physical assessment and clinical reasoning when comparing strength variation between opposite shoulders.
Conclusion
The findings of this study suggest that the sphygmomanometer is both valid and reliable for the assessment of shoulder flexion and abduction isometric strength. The sphygmomanometer is an easily accessible tool that clinicians can use to obtain accurate objective isometric shoulder strength values in everyday clinical practice.
